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mat z%&mr&x$> o x , 

[it^3S2 ] w*^ i uctm<D*?-?i'm&*m\.>tc%te io 

WEtB»©ttiB*©9 %04>tt < <t 1 •o©»jB#K:*f 
ttiESWt***? £ c i *^f® t tz? v>*| 

^wtt«cai^i»Ti(riBtM»©jaie36©^%3&»6iw?s 20 

[HUJ0B4 ] M$qi2 {cKtt©5^>l«i*fflV»fc*e 

>*«3ft^»«»*»#©— »*. mrieumft-^© 

S *ifc]^fc©jfcgK:*tj£ l/c7 -7> W##J|S«c il 
[I»*3I5 ] jft«0»ft6ffl»©3H6fi#**^ij«* 30 

[0 00 1] 40 
[*D!0«-r4«JR»»] (WD 

w d Mfi-^^^tf «■*- -5*B^tc*i » 4 nini#©ss& 
ffiicwtzbox&z. 

[0 00 2] 

/c^^f-A^jiiJo^txr^-S,, _fclE©#ff*I&<!: LX 50 
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ii, x;l/t'^A t -r^'ifitaS (EDFA) # 

[0003] j^&Mmvmmm&fti&msj:*^ 

£3„ #l;Ui. 3t^Y.Emori, et al . , "lOOnm banoWidt 
h flat gain Raman amplifiers pumped and gain-equal 
ized by 12-wavelength channel VOI high power laser 
diodes ", OFC'99, PC0.9, 1999. ^IC&MZtltc?-? 

rzcttc**). ?v>mM<Dmimm&t$mti,xi 

0 0 n mSg*«St/tl.>S. 
[0004] 

mwfim&ixzsttzwm] <tc5?, imm<pm 
£ 3 f§ o /c w d m ^e^t ^ x f a k -?.(, > x « . 

mi*. %S@M». #4^f§4s±a*^^ift^ft<i:'© 

SL-rGSIT-SCiicdCor, £*©3fc£S£«g£I!8l 
»Trs^#*a?>n-ci,>£. c©*i-£©ii*gfi-*t££ 
m^ic*a-r*^3fe©^ffii P9*.«. edf 
A<Dmmxm<Dm9h&mzmm^ic'i>£.-?x%mtz>i] 

^#*©esiiis* lOGb/siifcii enji 
a*sioMb/s gfttcgjt s n . -e ©aaaa* 5 %m 

[0 005 ] ±sE© <fc 9 ttfi£*©»R«W«**. 9H9E 

Aicfthxmmtzm'gi'k^z.zt. mm^z^mn 
tBcsst EDFA©®j^5ic%^mm^c^ 
^xmMtzjimtcvicm.hti : £>h<Dx\m<. io^i 

Cifc^^en-S/ce*. ■€■©«!: 5 &3fetb«lg i S:^flBL/fc 

?ak mittt&ti:mm®ms*mmtz ctu 
mmx&z. 

[0 006 ] ^BJii±fS©.'5{CflfB LXtj:2tltci><D 
>HMB«©JBiB***UfflO-Ci«-9*«:a«L. 

[0007] 

mi-r s*ea«rstc & -> x . i«^©^eii^gr^ff 
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t o o o 8 ] *>*>*xea^cc «©ed f 

[0009] *fc % suaib/cTfeeiM^s^, yearns* 
[ooio] ?6(c, ±asufc*eai^Ktcoc»x:«. 

[0011] ±jcofcct^ft*eawffi«, ^^>«mb 

[0012] 

{carj^ruiwra. ant *iaii©*eas*tt*a 

l^Pm*jttf*IBjB*itt»l i t- »SWi*P 1 
^Pm*3t^K±CCfiqQETS^v>»«j«*l 3CCtt 

J®®7feP l^PmG>9-&©d>«C< £4> 1 ooiaejtccii 
HOT tMWSWOTMHIl 1 4 so 
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>Jtmu* 1 3 *ear* wd Mm-^* ( c c 
[0013] ai3*»*su i i m«H2 jc^-r i 

jgfi©S&*&«§#P 1 -Pm*»4tSfcft<0 
a®3fei® ( L D ) 1 1 A,- 1 1 A.tecfctflKttHB ( D 
RV) 1 lB^HB.i. 1 1 A x - 1 1 

A B ^6a*f3nssaftfi©jftjta*p l-Pm^ftL 
THWrrs£««i let, *WT£„ ccm «*. 

wmfiifeiBl 1 A.£iHI>T*IM&lHll»l 1 B B Ct*tL 
KMit#UHSl 4*6©E»«*&"M.6h. tt 

4ae*Pm«:Kffl{i#3&sa«sns. a*, staft-t 
*sM*r6a®7fe«, ae*PmcciE6tiafeco-c»& 

[0014] ^a^TfeP 1 -^PmCDiffifiApi^Ap.tt, 
«At«BI3<D«5Sja(Cin'r<fc5CC. ^v>*Uf#Gl-G 

3. 2THz/hS^«a«CC<aB-r4C4«C*^"C, 

a»oae*p l^Pm^si^^scicccto. w 
>*tf»**f#6*i*<fc5K:. ^S^ntc^c ttfc, 
i*i 3**t^fiKaB<o»*««*tt**BaL't, 133 

AP^w*#<«c*J:5«ct9fleLr**. cntciO, 

«c^^>*J»*IHIS*i*J:5«:tt*. 
[0015] ASjfc%£9 1 1 1 1 Ctc J;ot 

M?n/cS^©M*Pl-Pm«, 3feeSIS8±iC 
»AS*ifc£«Bl 2^/M>r^-7>if$I«»l 3CC« 

^iBji*w«:eart**. ^ot, aeTfepi^Pni 
ff-c^^^wi^n^o c©i*. afijepm«cwis 

^J?# G m o TiJciBB $ ti 4 a s „ WificOgSS 

f - a **ea»«ia w d m«#** ^ ^ > 

Wiu** s 6Gas"r4c<kic*<fcot:. KtaM^eafc 

ISI«F«:tftotiSJ:5tc«cS. 
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[0016] ^4^^ S 1 <E>^>i#flIg 1 OZfttpM 
%i^S 1 ,S2 /",Sn£$^cWDMft^fc#. % 

mtsmm 200 *6*»ww 300 tc#eaa»4 0 0 
^ites?n^ 0 *eaa»4oo±«:w, h 

1<D^-*>*»B1 0**«Lfc**»S 1 0 03W»T« 
©*«BRtEi8^ *<S£K4 0 o^e^sn^w 

<c*j, ccr«jBSfiia»2 0 0, MTOSi 00*5 10 

<fctf*3<Ii8«3 0 0#, *gj8^^A*«flt-rS19 

[0017] 36aMmM2 0 0 tt. *»#S 

1 ,S2 > -".Snt*fltr*nffl(W6ai«S (E/O) 
20 It, «JtaS«82 0 l*6Ul*Sti**«#S 1 
-S n t^«UtBA«^«S2 0 2 4. 6*82 0 

2 * 6 ffi# 3 *V5 W D MfI^£f^g<D rifll 
ti#^h7>^2 0 34, ^h7>7'2 0 3^/M 

risa«#srs«-9*K:««'r s vmmi® 2 0 4 4 * 

*tf£o ±iSO^X i-T>:?'2 0 34UT«. ±2<DH 20 
l&C^Lfc^v 1 0£®JBLT. ^v>tf*Iffl 

S ViUfl^P 2 0 4 *6<DKtJMI-5t 
J;^C0Tfc<£<. Se*<fcra«CCEDFA*a 
ilt, EDFAOJBjB*fCSVai»«2 0 4^6<Dlt 

[0018] ^7fe**i8 100(t tt&tXH 5 CCSVT J: 
fitt©ittt*t4EDFAl 0 1 i±2©Hl 

EDFA 1 0 l<DBU©CC^>*«i}si§l 0*KKU 5 
7>W!5n/cWDMfl^EDFA 1 0 lCCcfcoT 

(t^^2 o 0^/c«miS:O7fe**a8i o occ*j^ri« 

10 2. JU* 1 0 3*5<fcCf»»ft#*Ul»l 0 4 

mtasi oortKHfcr6*i*. 

[0 0 1 9] 3fc*7^ 10 21*. MSI 0 

n, *ea»4o o*6***i* ioo«cA*sh*w 40 

*7 -f il^* 1 0 3 5*. Jtfi?'? 1 0 2r^^/c 
WDM«*e*6, Ka*#©«KStift:fltoB* (H2 

fc<ta«3oaaffi«r«aBi8*Pm) ©as«:*tifcofc 
#*uwi"o4ccffiA-r*. B««#*ia»io4tt, 

1 0 3ratH3tt/c7fc(l-^£. ccrua* 
0 4rfcmSttfclHJl*#tt. *4»«8S©KtWWHBK:3W 50 
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fflSnSi^tC, 9v>*(MH10©l«IfIHil 

4cce^6n^> 0 

[0 0 2 0] ttfc, **«EH lOOtlt, E D F A 1 
0 1 4^>*S*I§1 0*»«***flt*5*Lfc*», * 

fii8JS3 0 0«, 36fi5jiBS4 0 0*6a6*lT 

y»;r>^30 li, ^yr>^3 0 l-cJWSftfcw 

DM«f***«fiCD36i#S 1 -SntC^ltffl^ 
tS»iSS3 0 2i, »»S3 0 2*6tttfj3*i£#r:M£ 
f#Sl-Sn 4 n ffl<W63fsS 

(O/E) 30 34. 7'y7>7*30 1*6#«S3 0 
2{C26haWDM«f*0-»«r»«t5**^7 3 
0 4 4- **^^3 0 4©#R*S:fflC^WDMfit* 

cc«*s nft*a«#**u-r * s v^fta53 054* 

_hfECD*7 P Vr>^3 0 1 . #«S3 0 2*y<fctf 

^3fe§ft83 0 3«. fie*6W6«fBS»ecffli^tir^ 

SI 0 OrtKKWfc**?^ 1 0 2CC^|£*r£fc<D*C£> 
9. SV^ffSP3 0 5fc£. 36*«S1 OOrt©36^-r^ 
^103 te £umft#Rtfitt 1 0 4 CC»l£Lfc«tt* 

[0021] ±te<Dj: 9«riwt*«r*wDM*eai/ 

XfAtll *ii6fifflS2 0 0<DS*3S»S2 0 1 t?£ 
ftfc&ttsoXft-Ei Si-Sn «s«iftS 2 0 2 

>?'2 0 3-C«, 6&i£2 0 2*6<DWDMfI^3£#ff 

(ii$n^4^. sva«»2 0 4*6©ifca«#*» 

S#«:Mrt- & C 4 tWOTt^KW D M«#3fc*« 

£j£S*ir3teeiiSK4 0 occiUff stia. 

[0022] *eiMK4 0 0CcaS©StifcWDMe#* 

b. fttpmmi ooccBBi-rsi.. ^v>*e*isi ok 

SS6nS4*tC. *<D—$L&ytt/75 1 0 2-CM?n 

r*^^* 1 0 3cci£6ft£o *7-fWi03-c 

B. Tfe^ft^ 2 0 0 tgSt^*ill/c«I3telc» 
«|flSh4 a -v 1 0 3<£>jl®3fcte. KtKft# 
fcffiSIU 0 4&Cj£6*ir. *a£{f$gJi20 0*6 ©Etl 

0 4 OMU«lA«f0ffi It 7fc**K3§ 1 0 0 CDSbfP**Jffl] 

[0023] *7^ji/^i 0 szm^xmm'^ 

S^i^4^c^/ci?>. yti3?"7 1 0 2(0M*«7 ^ )l 

^103 c 4 * < mn«0ttturafcjii>& 
4. s»jifi^*fi»snri»ttc»iftfi3e*««fiS»i«c 



[0 0 2 4] ##7*7 1 0 2*jijtOr^v>ii$igl 
0fci86ftfcWDM«-9*tt. BiBJtP l~Pm#t«|& 
Stlfc9^>*tlWlf* 1 3 *£»rs'C 4T57»(| $1 
£ft*. C©<hi*. jai§3tp l~Pm©5%©®iS3feP 

m cc «. ntsff #*figu 1 4 -c^fiS; $ tiitm&amtfim 

#ss 3ft*. jjeoistaflresctt ur^sns 

ai2oo * &©**®*fi^*»jBE-r * £ husk. ,x 
i o o Ke*.*K«i*«*7K-rflHrr* 

*. 

[ 0 0 2 5 ] Sft:. »«fi-9*«i3n*WDMIt^ 

*#it&ifl/J>3 < «c*»WcfiM»Otl»<C <h#3 
*tA>. COi^^SH-^tf^Ctr, EEd^c^©^ 20 
a«^©M* J: DM*nicff9 ciOTt So -Tttto 
*> . *eilSS©«^*5 ttf^WA * ft ««f WDflHWfcK 
*tt,rB»fl^**«-r*;te*>«:w:. *©.ft«'fi«c*l' 
j&t *Bj^tcJttgtt^-M©*fi* : fT t>4 wftjift 6 

ojtgtt*"**. cfttiw *&«>«:«. *esis§©a* 

ItSCi-C. l^3fc©;<9-fcJ:tfJIifI*^3 < T* 
■T&i. 1. 5 5(im® (C/OFXDWDM 

oHS©K»t?*7y -^/^esigs 

oilbfej*^:* < ft* 1 . 4 imttSajOKAff-fciBt* 
■C. it^^©/jN3l^gffiiJ{C^v>ftJf#^?rJ#0 

ra*4Sfi@3fc©^fcl»t/-Ctt. S®«fiffll©i!&je#; 
**. S&SW©aia^^lti}I-rSCi (pump to pump) 

tct *stwa*fiTtca«Ta ! fiai!3&«**. 
coo26] cc-c«f?©©i^g*^e^6n* 

*afl"»*««EU #>o. &&©i$aK£A*IitItit*R 40 
*n%-S-iSEa«^*lt««^««» 1 4 t?£jjX IU0 
ifc6©Iijt§3fc ( P m ) {cK«»-9*Mr * J: 5 tc L T 

g^*afi-r*as3fe*w*)S^*c <t & °jfig-c£>*„ 
utte-jic «. i(re©^B-csita<B-^4sa u /cs^cc 

^•©ata^ i !-isij©®i§3£{c*t l -cftiao^stc e^. * 

[0027] ±ie©* i/-c3t«f«s i o o Btria©7 
■*>«MB«i o-ctt?isnfcWDMfi^K«. 3*>tcfg so 
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fs© e d f a i o i icmhix-cmEZtitcmc, itBm 

S§4 0 0telitfj3ft*. fLt. ±iB©t§^i|5«{CL/ 
1 0 0 TJflKCif *Bf *tgaSSiafcWDMflJ 
3 0 0 ICSm-? * £ . y'')T>?'3 

o i ccjgfc*ir@fS©U'<Ji'$'ei9*a;**i*. -7*';r> 

7*3 0 1 #i£i§3 0 2 (C 

.&e>ft-C&3fcfi#S l~Sn{C#?£3ft *<!:£-«:. -e© 
— ^*s^*^7 3 0 4-C^K3n-CSVS<tg|53 05K 

[0028] SV^fgSP3 0 5-Ct*. ^7 , 73O40 

*****jm»r^*#©Ms*ifc 
ia©#**afi i o o frzvvmm^vtiitiimmtfitftoti 

*. SV5Wi»3 0 5©«ffll***jWWO-C* 

gflifsU^ 3 0 0 ©S*fE #fMffl)3 ft*. C © £ 5 «C*W D 
M^<S^->X7-A{cj:ft{i, ^-r>tt»iI@m©ffiWa*fcS 

mt-t^aa-r * c t -c. s^eis^gFai-e^ttfi^^ 

jg§{fT?;**<fc5fc:&r). SE*©EDFAOiita3l£4fJ 

3 #*..&£#■&< ft **:«>. mmti&<o&K> 

fCft*. Sfc. -<;V**ffll»-cBltS«#%^^?ft 

ft*. c©^5ftK««*©tsaSS3*i«. » 
Jf5. 7V >*fi@g/dW £*iJH 0 X-imm&fi 5 J: 5 ft *y 
Xt-a^IS ft/cJS-^tc feg^cfcUfrr * ciOT* 
W/TC**. 

[ 0 0 2 9 ] ftfc. ±iEL*dlW^II"C»*. 5-?>mM 
SlOiOT. ?gS©^ft *1SIJ©aiia31c?r7V>iiiH 
SS»(Cfi«&-r*«SS*^L/fc*s. ^^ttC^KK?) 

-r . #-©«g©ffl42^^ ^ v > wi»f*{c«*&^* m 

tt. 5v>*WBMH*l 3***«S1 OOrtKEHb 
ft:. C^^^cp^v^ififs^om^W^UfcTii. jfe 
*«tSl 0 0«:^3ft*7£e3MSg4 0 0*^v>Jiiti 
^iL/rfiJfflf*. l»toi9>*»*9v>lf(Ei(0«« 
i-T*C<i:feoJtg-C**. 

[0030] fcl±, ^WMflprH^LfcSft^HBK-oi,* 

[003 1 ] (#13 1 ) &g©flft*«$!©:*;<i-S|£ 
$^fi:^SUS<i#*?:«l5^©7feeillilSP^ -CGii^ * 

mt*?^ > wrr * K&my&x& x . friaa^© 

tc^-r S MT * c i t T i> * ^ > if 

[0032] (ttlE 2 ) #fB 1 CcfBtS©^^>*tita* 
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#© 5 *>©4>ft < t fc l o©»iB#K:tt O-cfillBKafi 

[0033] (#123) fflB2CCia«CD7V>ipi^ 

St©fflil§3fc© 5 % # €> 3 ft £ C £ £&3!t £ -T S 7 v 
[0034] (•WIB4 ) ttiS3 {CfB$S©5 10 

3<ft3J:5K:. B?lBMfc©»il§3£© 5 %fr%MVi2ti 
[0 03 5] (ftfB5) ttfB2CCiaiR©5-7>i9<i£ 

jeeaatMK a* s n s 7 >t§ mi $ titc&m&mm ^ 

[0 03 6] (ttlB6) #fB2tClBig©7-7>*ifa«r 

sfc»©«iE«*&. BfrtB5-v>igiiii^{*(c«»&-r-sje 
g©gft zmmjico m&mmo^tB^sifi *> 

[0 03 7] (#IB7) ^B6«:fBtt©-5-^>ie*I* 

[0038] ( ttse 8 ) j&g©nft zm&oftm^z 

[003 9] (ttfB 9 ) ttfB 8 4CiaiS©:££j2!->;* f- 
A-C*o-C. irfB7-7>i9tIS«. &S©gft£®ii§i£ 

£&£-r -sffl^osieTfejii^w u . ButBismit-^aisp 
z&&D&t£Z>mmt<D'>%<o'pt£ < £ & i ocajta* 50 



«fB8 2003-32 193 
10 

k»it. iMia^?ni^a«-rsc£*!itst£-r^ 

EiWf A, 

[0 040] (MiS 1 0) ttia 9 CCffitg©7te3l^^ 

n?*-ot, Bfria^m^fiaspa. itftafteigas© 

[0041] (ttsa4 i ) ttta i o {cietg©7feG^'> 
zmm? z mmx tit. siita*©&g«c*UE Lt^-? 

>M»»«K*»W £ Huia7fe££&©«ifc#ffl*fiflMN § 
< ftSJ: 5 ttfliB**a«?*SC i*#a£-rs^Gjt 

[0042] (#te i 2 ) ttia 9 ctiais©^^;* 

7-A-C*^r> mriB^G^Sgtt. lifia3fc£jM38#>6g 
<=>ft 3 7 v >*Mi3 *lfcjgg£ltfi#7fc©-gp*:»tt-f 
•53fe*^'7£. ^#^&6©#&3fe&*7J!j3tt; Sir 

fa^ift-^©«g 3 n fcjae*©?fiscc*f is l ft. -5 -7 > 

sp£. *wrsc£*#m4-rs^e^>xf-A 0 
[0043] (#ta is) #sa 9 K:fass©7fee^i'^ 
T-A-cfc-oT. wk 9 ■*>*■««**. Buias^t©^e5§ 

^SP^©S*^IZn{CfSD-C^^W6n.S£#. 

5v>ittt»», ^is-r^^e^s-c^ta^n^mK 

©:fc<S§i!g* : > P.©^m{f -Sfci?)©JlpEE<t^ 

#© 9 % r. fnamfg©^(s^^s^ 

as tifcJBljBJ6«:SftJ6TSBi8*K:MH- ifflEft-^a 
[0044] (tttB 14) MIS 1 3 4ttB*£©#<S£-> 

«. ^©^eM^gccji^^mff-^?:^ B?ia«ijEm# 

(tmg-r sci £ r zx&mf x y a „ 
[0045] (tfia i 5 ) mmftzteSi? zmm^m 

{c«$&Ts^s£*(i^.. m^-?>mmt*z&t& 

tcm&? z> Ka«#M»*ft t» C £ £*f © £ ^ -5. 7 -7 

[0046] (#ia i 6 ) ma 1 5 tciats©^ 
*ig-c*o-c. Biriaasi^^sp* 1 . ^s©^^-5»®i§ 
z>m&.<Dmm%m*m u . i«ria^mft#fia 

>*t*si{*{ctt*&sti*is?s©S!6c4iae*©5 ^©^ 
& < £ & l o©®^^ u-c . iiinaiaafi-sf £ as-r 

5C i^Miti? v>«WBS. 
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[0 04 7] (tti217) tfiBl 6{CfBS(D7V>ti * 

^gfi§fl£atf C <!: £ T £ 5 -? >i&*§i§. 
[0048] (tfi518) tfiEl 7KIB4g©5-7>if 

[0049] 

[0ffi©fflf^&iftB^] 

[0 i ] *mi<Dft&mfrmzmmvtc7-?>mm&<D 

[02] 0 l©5-so«iHg(c-3i,>T\ aSS*fB*gp© 

[03] ni©5v>jfifBStcot,=.-c. mmft*s£aw 
[04] mi®7-?>mn%*ft<p®L%mcmmi;xm* 



SOfcWD M^SM V X 7" A©— Iff BS0-C& 
4. 

[05] B4©WDM*fia»^Xf A{Cffll»8tl**"t» 

10 7v>ifiHS 
1 1 ®ita*#S£SB 
1 1 A,~l 1 A. ®&Xm (LD) 

IIB. -11B. IBttSfg (DRV) 

IIC, 12, 2 0 2 

EDFA 
3 04 %io-f=7 

xaMta (e/o) 



1 3 

1 4 
1 0 0 
1 0 1 
1 0 2, 
1 0 3- 

1 0 4 

2 0 0 
2 0 1 
2 0 3 

2 0 4 

3 0 0 
3 0 1 
3 0 2 
3 0 3 
3 0 5 
40 0 
Pl-Pm 
Sl-Sn 



#««« (O/E) 

svs*as 



[0 1 ] 



13 



Sl^Sn 



1 



Pl~Pm 



11 

d 



14 
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